The values of k were 3.4 for the normal and 3.1 for the patients.
There was no statistically significant difference between the two. On account of the above relation the recumbent level of glomerular filtration rate (GFR)r was derived from the recumbent level of circulating plasma volume (PV)r as follows: (GFR)r=Kp [(PV)r]k, where Kp is a constant.
On the other hand, the decreases (percentage) in effective renal plasma flow were biphasically related to those in PV. Mean arterial pressure rose in upright posture in many cases, but its changes (percentage) showed no correlation with the changes (percentage) in GFR. These results suggest that in a small decrease in PV, GFR does not decrease with the fall in mean arterial pressure, but with the power function of PV. The possible mechanisms of these changes in renal function are examined with special reference to the structure of renal arterial system. plasma volume; glomerular filtra tion rate; effective renal plasma flow It is generally accepted that in normal subjects without a fall of mean arterial pressure (Smith 1939 Molzahn et al. 1972 ). In the present study, the relations of circulating blood volume to effective renal plasma flow and to glomerular filtration rate were examined in reference to their interrelated changes with the postural change.
The upright posture decreases both the total and effective circulating blood volume owing to increasing capillary filtration and blood pooling in the limbs. However, the change in effective circulating blood volume cannot be quantitatively evaluated. The decrease in total circulating plasma volume almost exclusively accounts for that in total circulating blood volume (Thompson et al. 1928; Waterfield 1931; Eisenberg 1963a) . In the present study, we measured the change in total circulating plasma volume.
The decrease in circulating plasma volume brought about by upright posture is slight or moderate in degree in normal subjects compared with that in patients with hypoproteinemia (Fawcett and Wynn 1960; Eisenberg 1963a). The patients with chronic glomerulonephritis often have complicating hypoproteinemia even in the absence of overt nephrotic syndrome and are expected to show a greater decrease in circulating plasma volume in upright posture than normal subjects. Therefore, we examined patients with chronic glomerulonephritis in comparison with normal subjects, because greater changes in circulating plasma volume will facilitate to detect possible relations between circulating plasma volume and renal function. The influence of varying degrees of glomerular lesions on the relation between circulating plasma volume and renal function is discussed in the text.
The circulating plasma volume decreases gradually after the subjects take upright posture. Therefore, the duration of upright posture is taken into considera tion. In our preliminary study on the total plasma protein concentration, we followed up decreases in circulating plasma volume for two hours in upright posture. The circulating plasma volume usually decreased for the first 50 min, and it remained almost constant thereafter. Accordingly, we examined the above-men tioned relationship after the 50 min standing.
It is necessary to estimate both effective renal plasma flow and glomerular filtra tion by means of a method of minimum influence upon the circulating plasma volume. The constant infusion clearance technique needs intravenous injection of a considerable amount of physiologic saline or 5 per cent dextrose in addition to water intake and does not seem to meet the requirement of the present study. We estimated instead the change in effective renal plasma flow using the second slope of the disappearance curve of sodium para-aminohippurate after a single intravenous injection (details discussed in the text), and the change in glomerular filtration rate by means of endogenous creatinine clearance.
METHODS
In this series 8 normal subjects and 24 patients with chronic glomerulonephritis were examined. Their age and sex distributions are shown in Tables 1 and 2 . The normal subjects were all volunteer medical students and were admitted to the ward the day before the test. The 24 patients with chronic glomerulonephritis had been admitted for a complete examination of proteinuria. The diagnosis of chronic glomerulonephritis was established in all these patients through renal biopsy after the test. The glomerular lesions in these patients were graded using the index of glomerular lesion (IGL) (Suwa and Takahashi 1971) computed from 10 glomeruli of each biopsy specimen (Table 2) . (IGL is a quantitation of glomerular capillary destruction; 0 means that all glomeruli are completely normal, while 4 indicates complete hyalinization of all gomeruli. In its practical application, a score between 0 and 4 is obtained according to the grade of glomerular destruction.) During the week prior to tests, all subjects remained almost constant in body weight, urinary protein, and urine volume over 1,000 ml/day . Three of the patients with signs of nephrotic syndrome (KAc, YT and YM) developed edema on the lower leg , slight or moderate, at admission, but it had already disappeared at the time of test . The normal subjects had all taken unrestricted home diet before they were admitted.
Among the patients, one (YT) had been receiving a diet of sodium restriction to 7 g or less per day for about one month, but all the other patients had taken a standard hosptial diet of normal sodium content. This patient (YT) and another one (KAc) had been receiving 40 mg of prednisolone every other day for some 4 months and 2 months, respectively.
(Tests for these two were made on the scheduled day without medication.)
No medica tion had been administered to any of the others.
All the subjects were kept in a recumbent position from 8 p.m. until the start of tests on the next day. The basal tests for recumbent posture started at 8.10 a.m., when 400 ml of water are given to each subject. At 8.55 a.m. the subject received a 5 min intravenous injection of physiologic saline solution containing 2,000 mg of sodium para aminohippurate (PAH).* With a urinal placed by the bed, the bladder was emptied on spontaneous voiding at 9.20 a.m. (this portion was discarded), and 100 ml of water was given. At 9.40 a.m. and 10.10 a.m., 20-min and 30-min urine was collected by spontaneous voiding to determine endogenous creatinine clearance (Ccr). To assess the concentrations of plasma PAH, plasma creatinine, and total plasma proteins, blood was sampled four times at 9.30, 9.45, 9.55, and 10.05 a.m. from the opposite antecubital vein in a stagnation-free state. After 10.10 a.m., each subject was kept in a quiet upright position beside the bed to undergo the test for upright posture. As described later in the text, we evaluated the changes in circulating plasma volume (PV) from the total plasma protein concentration (TP). In upright posture, it is known that TP varies in blood samples from the antecubital vein when its height level is different from that of the right atrium (Eisenberg 1963b). The subject's arm was let hang down freely, and it was raised to a level with the right atrium only at the time of blood sampling. The subjects were each given 400 ml of water at 10.20 a.m. and then received an intravenous injection of PAH in 5 min from 10.35 a.m. in the same dose as in recumbent posture. Im mediately after spontaneous urination at 11 a.m. (this portion was discarded), each subject was given 100 ml of water. Then, urine and blood were sampled twice and four times, respectively, with the same intervals as in recumbency. In patients KOa, YK, TM, KAa, and FY who had shown a Ccr value lower than 70 ml/min before the test, the dose of PAH was reduced to 1,500 mg to maintain the plasma PAH concentration under 10 mg/100 ml. As for the glomerular filtration rate (UFR), its percentage change was estimated by using Ccr in the following equation: * In our preliminary study, the subsequent plasma concentration of PAH exceeding 10 mg/100 ml was not found in any one with endogenous creatinine clearance over 70 ml/ min. 
RESULTS
The values of the average arterial pressure, MAP , Ccr, m2 and TP obtained in recumbency and upright posture are specifically shown in Tables 1 and 2 .
Relationship between percentage change in PV and that in GFR . The decreases in percentage of PV induced by upright posture were 1-9% for the normal subjects , pressure, urine flow, creatinine clearance, m2 and total plasma protein in 8 normal subjects =50-min average value; second figure (in parentheses)=20-min average value; third the disappearance curve of sodium para-aminohippurate from the plasma after a flow was estimated); second figure (in parentheses)=the correlation coefficient of the The obtained values of k, 3.4 for the normal subjects and 3.1 for the chronic glomerlonephritis patients, had no statistically significant difference (p>0.5). ? IGL computed from 10 glomeruli in renal biopsy specimen (see reference 17). Relationship between percentage in PV and that in FF. The change in FF reflect ed the above relation of changes between ERPF and GFR. With the decrease in PV up to 7%, FF tended to increase gradually in the normal subjects (in some patients it inclined to fall). A further decrease in PV, however, was related to FF (Continued) ? Chronic glomerulonephritis patient with nephrotic syndrome. turning to decrease in parallel (Fig. 3) .
Relationship between percentage change in MAP and that in GFR. In the normal subjects, the range of the percentage changes in MAP was appreciably narrow, so that the correlation was not pursued between percentage change in MAP and that in GFR. In the patients with chronic glomerulonephritis, the correlation was not significant (r=0.09, p>0.6) (Fig. 4) . DISCUSSION In the present study, the usual method of constant infusion clearance for the estimation of ERPF and GFR was not used, because it may influence the circulating plasma volume. The known trend of increase in FF of normal subjects in upright posture (Smith 1939-40; Brun et al. 1945b ; Lee et al. 1966; Molzahn et al. 1972 ), however, could be shown as well with our method for estimating ERPF and GFR with relation to the FF in all normal subjects except one (Fig. 3) . In chronic glomerulonephritis patients, glomerular lesions may affect the func tional changes in GER. Then, investigations were conducted about the percentage changes in GFR with relation to the degree of glomerular lesions , IGL in Table 2 . The results shown in Fig. 5 indicate no correlation between the percentage change in GFR and IGL (r=-0.2, p>0.3). The present test yielded results that a decrease (percentage) in GFR followed the decrease in PV simply conforming to the relation of equation (5) in both normal subjects and chronic glomerulonephritis patients. These suggest that a particular consideration on patients with chronic glomerulone phritis is unnecessary in such comparative studies of percentage changes in GFR as ours. MAP rose with upright posture in all except 2 of the normal subjects and 8 of the patients (Tables 1 and 2 ). In the patients, there was no correlation of percentage changes between MAP and GFR (Fig. 4) . Equation (5) suggests that when the decrease in PV is small, GFR does not decrease with the fall in MAP, but with the power function of PV.
If we take AP V and AGFR infinitesimally small and designate them as dPV and dGFR, respectively, equation (5) It is not derivable from equation (5) whether Kp is individually equal or not.
In the present study, the changes in PV were estimated from the changes in TP which is different according to the site of blood sampling (Eisenberg 1963b). In order to corroborate that GFR varies with the power function of PV, it seems useful to examine the relation of equation (8) in reference to the values which will be determined simultaneously for PV and GFR in recumbency.
On the other hand, the changes in ERPF were biphasical with those in PV (Fig. 2) .
The possible mechanisms of causing the pattern of these changes in renal func tion with changes in PV are discussed as follows.
A decrease in plasma itself does not account for the decrease in PV induced by upright posture, inasmuch as extravascular loss of proteins can well be negligible. It is then apparent that a rise in the osmotic pressure of plasma protein is responsible, at least partly, for the decreased glomerular filtration rate in upright posture (Brun et al. 1945b ). The most important factor leading to a decrease in GFR is the fall of the level of intraglomerular arterial pressure, which is a function of MAP and of the resistance of the intrarenal artery. MAP, as previously noted, cannot be regarded as significantly influencing the decrease in GFR. Therefore, the main contribution to the decrease in GFR is made by the increase in preglomerular arterial resistance (Smith 1939-40) . Beside this preglomerular arterial resistance, the eleva tion in TP and hematocrit value (not measured in this series) will also contribute to a decrease in renal plasma flow (RPF), by boosting the viscosity of blood (Brun et al. 1945b ). However, if such factors had really played a major role in the chan ges in RPF in this series,* there would have been a simple positive correlation of percentage changes between RPF and PV, since the progressive decrease in PV should have accompanied gradual increases in both TP and hematocrit value. The results of the present study shown in Fig. 2 do not indicate any sign of such trend. These findings lead us to assume that increased preglomerular arterial resistance is primarily responsible for the changes in both RPF and GFR in the case of the upright posture-induced changes in PV. In the renal arterial system, when the radius of an arbitrary preglomerular artery is designated as R and the number of glomeruli belonging to that artery as N, the following relation of power function is known to exist between N and R : in which A is a constant and b approximately equals 2.7 (Suwa et al. 1963 ). When such a structural feature of the renal arterial system is taken into regard, we can easily understand that a positional shift of the constricting vessel (R) directly alters the mode of preglomerular arterial resistance and in turn affects the rela tion of PV to RPF and GFR. If a progressive decrease in PV within a range (about 7% in this study) accompanies gradual increases in the number of con stricting distal vessels of relatively small R, this will result in a gradual decrease in RPF and GFR. When a further decrease in PV in excess of that range (7%) * Extraction ratio of PAH is unchanged during tilt (Werko et al . 1949 ). The percen tage change in ERPF may correspond to that in RPF.
accompanies a positional shift of arterial constriction to a greater R, with a resultant decrease in the number of constricting vessels, the number of the related glomeruli with decreased filtration pressure increases in R's power function. The result will be a decrease of GFR and eventually of FF without further decreases in RPF. The increase in postglomerular arterial resistance presumably influences the upright posture-induced changes in RPF and GFR (Brun et al. 1945b ), especially within a range of decrease in PV (about 7% in this study), and the effect is interpreted as a result of a passive reduction of the postglomerular arterial radius due to a reduced blood flow caused by the constriction of the preglomerular artery.
In some of the present cases of chronic glomerulonephritis there was evidence of a decreased FF early with a reduction in PV lower than 7% (Fig. 3) . Its reason still remains to be examined.
In patients with chronic glomerulonephritis submitted to repeated upright posture and exhibiting a decrease (percentage) in PV greater than that of normal subjects, the decrease (percentage) in GFR with decreased FF is proportionally greater. The pathophysiological significance of this change, however, has not yet been clarified. Appendix 2
The changes in effective renal plasma flow (ERPF) in the present series were estimated through analysis of the disappearance curve for PAH after a single intravenous injection by using the two-compartment model just as in the study of Mandel et al. (1955) .
The volume of circulating plasma and that of tissue space sharing the distribu tion of PAH in a single intravenous injection are designated as Vl and V2. The concentrations of PAH in Vl and V2 after t-time from the injection are Cl and C2, respectively. Further, let the renal plasma flow be RPF and the extraction ratio of PAH from the kidneys a; and for PAH moving from circulating plasma to tissue space or in the opposite direction, let the effective total area and permeability constant be S and K, respectively . We can then obtain the following two differ ential equations for C1 and C2 at time t after an injection of I of PAH:
If V1, V2, RPF, a, and S are assumed to be all constant throughout the time for a single measurement, we can obtain from equations (9) and (10) where JERPF represents the absolute change of ERPF. On a semi-logarithmic coordinate system with the PAH concentration as logarithm, the concentration of PAH in plasma linearly decreased after 20 min from its intravenous injec tion, the slope of the linear curve, m2, representing 0.4343 m. Using the con centration levels of PAH in plasma in blood samples taken four times after its injection in recumbent and upright posture , we obtained the slope of a regression equation of logarithmically transferred PAH concentrations on the postinjection time lapse. 
